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A B S T R A C T

Efforts to reduce global cancer disparities begin with an understanding of geographic patterns in cancer
incidence, mortality, and prevalence. Using the GLOBOCAN (2002) and Cancer Incidence in Five Continents
databases, we describe overall cancer incidence, mortality, and prevalence, age-adjusted temporal trends, and
age-specific incidence patterns in selected geographic regions of the world. For the eight most common
malignancies—cancers of lung, breast, colon and rectum, stomach, prostate, liver, cervix, and esophagus—the
most important risk factors, cancer prevention and control measures are briefly reviewed.

In 2002, an estimated 11 million new cancer cases and 7 million cancer deaths were reported worldwide;
nearly 25 million persons were living with cancer. Among the eight most common cancers, global disparities in
cancer incidence, mortality, and prevalence are evident, likely due to complex interactions of nonmodifiable (ie,
genetic susceptibility and aging) and modifiable risk factors (ie, tobacco, infectious agents, diet, and physical
activity). Indeed, when risk factors among populations are intertwined with differences in individual behaviors,
cultural beliefs and practices, socioeconomic conditions, and health care systems, global cancer disparities are
inevitable. For the eight most common cancers, priorities for reducing cancer disparities are discussed.

J Clin Oncol 24:2137-2150.

INTRODUCTION

Cancer health disparities reflect differences in cancer
incidence, mortality, and prevalence among differ-
ent populations.1 Although the term health dispari-
ties is primarily used in the United States and health
inequalities in other parts of the world, both terms
can be similarly defined to indicate a difference or
dissimilitude.2 Cancer incidence is defined as the
number of new cancer cases occurring in a defined
population within a specified period of time.3 Inci-
dence is determined by exposure to etiologic factors
and individual susceptibility and may be further af-
fected by screening practices, health care access, and
quality of care. Cancer mortality is influenced by
cancer incidence, individual biologic factors, tumor
characteristics and stage at diagnosis, and response
to available treatment. Cancer prevalence represents
the disease burden in a population at a specific time
and is related to survivability, with the most curable
or clinically controllable cancers comprising those
with the highest prevalence.

In this article, we provide an overview of world-
wide cancer incidence, mortality, and prevalence,
along with a more extensive discussion of the eight
most common cancers in the world. To identify
priorities to reduce the global cancer burden, we
review established risk factors and existing cancer

prevention and control strategies for the major can-
cer sites.

MATERIALS AND METHODS

Overall Incidence, Mortality, and

5-Year Prevalence

Data for overall annual cancer incidence, an-
nual mortality, and 5-year prevalence were obtained
from the GLOBOCAN database for the year 2002.4

Incidence rates were derived from cancer registries
that encompass national populations or samples of
populations from selected regions. Cause-specific
mortality data were derived from national registra-
tion information. All incidence and mortality rates
were age standardized to the World Standard Popu-
lation and expressed per 100,000 person-years (PY).
Five-year prevalence was expressed as the number of
individuals alive 5 years after a diagnosis of cancer.
As an indirect measure of cancer survival, a
mortality-to-incidence rate ratio (MR:IR) was cal-
culated by dividing the mortality rate by the inci-
dence rate; MR:IR approaching 1.0 suggests a
limited survival.

To identify regional disparities, we used geo-
graphic categories defined in GLOBOCAN, includ-
ing world, more-developed countries (all regions of
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Europe, Australia, New Zealand, North America and Japan), and
less-developed countries (all regions of Africa, Central America, South
America, all regions of Asia except Japan, Caribbean, Melanesia, Mi-
cronesia, and Polynesia). We also defined the following five geo-
graphic areas: Africa (Eastern Africa, Middle Africa, Northern Africa,
Southern Africa, and Western Africa); Asia (Eastern Asia, South-
Eastern Asia, South Central Asia, and Western Asia); Oceania (Aus-
tralia and New Zealand); Central/South America (Central America
and South America); Europe (Eastern Europe, Northern Europe,
Southern Europe, and Western Europe); and North America (North-
ern America).

Age-Specific Incidence Patterns

Age-specific cancer incidence rates in 5-year age groups were
obtained from Cancer Incidence in Five Continents database
(CI5VIII) and expressed per 100,000 PY.5 Using CI5VIII, we defined
geographic areas to best approximate the five geographic areas in
GLOBOCAN, (ie, Africa, Asia, Oceania, Europe, and North America).
More-developed countries included all regions of Europe, Australia,
New Zealand, North America and Japan; whereas less-developed
countries included all regions of Africa, Central America, South
America, and all regions of Asia except Japan. Age-specific incidence
rate figures were generated with S-Plus 6.1 software (Insightful Cor-
poration, Seattle, WA) using a log-log scale, as originally described by
Armitage and Doll.6,7

Temporal Trends

Temporal patterns in selected geographic areas were assessed
using incidence data from CI5 I-VIII. Incidence rates were plotted on
a log-linear scale by five 5-year time periods (1973 to 1977, 1978 to
1982, 1983 to 1987, 1988 to 1992, and 1993 to 1997) and expressed per
100,000 PY, as previously described.8 Geographic areas in each conti-
nent, except Africa, were selected based on availability of data over the
specified time periods, and case numbers. No data were available from
Africa. Geographic areas selected were United States (Surveillance,
Epidemiology, and End Results database, white and black), United King-
dom (South Thames), Australia (South), Japan (Osaka Prefecture),
Singapore (Chinese), Costa Rica, and Columbia (Cali). Data from
each time period were not available for all geographic regions.9

WORLDWIDE OVERALL CANCER INCIDENCE,
MORTALITY, AND PREVALENCE

In 2002, there were an estimated 10,864,499 new cancer cases (exclud-
ing skin cancer) worldwide (Fig 1), with 44.9% (n � 4,878,952) in
Asia, 26.0% (n � 2,820,771) in Europe, 14.5% (n � 1,570,520) in
North America , 7.1% (n � 766,575) in Central/South America, 6.0%
(n � 649,760) in Africa, and 1.0% (n � 103,725) in Oceania. In
general, the distribution of cancer deaths paralleled the distribution of
cancer incidence. The number of 5-year prevalent cancer cases was
highest in Asia, Europe, and North America. Geographic variation in
overall incidence and mortality at least partly reflected the relative
frequency of site-specific cancers occurring in more-developed com-
pared with less-developed parts of the world.10

Worldwide incidence and mortality of site-specific cancers are
depicted in Figure 2. Cancers of the lung, stomach, colon and rectum,
liver, and esophagus are associated with the highest incidence world-
wide, in addition to sex-specific malignancies of the female breast,

uterine cervix, and prostate. Whereas cancers of the female breast and
prostate are among the most common worldwide, mortality rates are
comparatively low, yielding a low MR:IR, consistent with favorable
survival. In contrast, cancers of the lung, liver, and esophagus are
associated with high MR:IR approaching 1.00, indicative of poor sur-
vival. To more closely examine disparities among different geographic
regions, next we consider the most common cancer sites individually.

Lung Cancer

With an estimated 965,446 new lung cancer cases per year among
males and 386,875 cases per year among females, lung cancer is the
most common cancer in the world and the leading cause of cancer-
related mortality, accounting for 1,179,074 cancer deaths per year (Fig
2). During the years 1973 to 1997, lung cancer incidence rates either
decreased or were stable among males in the geographic areas in-
cluded in this study, except in Japan (Fig 3). In contrast, lung cancer
rates generally increased among women in most regions (Fig 4), al-
though this pattern may have moderated or ended in the late 1990s.11

Across continents, incidence rates varied from a low of 2.0 per
100,000 PY among females in Africa to a high of 61.2 per 100,000 PY
among men in North America (Table 1). For both males and females,
mortality rates were only slightly lower than incidence rates world-
wide, yielding MR:IR ranging from 0.80 to 0.88. MR:IR rates were
most favorable in North America and least favorable in Central/South
America and Africa. Age specific incidence rate patterns were similar
for both sexes in all parts of the world (Fig 5), increasing linearly with
advancing age. Steadily rising age-specific incidence rates are consis-
tent with long-term multistep carcinogenesis, purportedly requiring
four to seven stochastic genetic changes over a lifetime of etiologic
exposure.12-14

Cigarette smoking is by the far the most important risk factor for
lung cancer.15 Compared with nonsmokers, smokers have a 20-fold
increased risk of developing lung cancer.16 Other risk factors include
occupational and indoor exposure to asbestos, radon progeny, and air
pollution, as well as increasing age, genetic susceptibility, and perhaps
low intake of fruits, vegetables, and micronutrients.16-18

Fig 1. Worldwide overall annual cancer incidence, mortality, and 5-year preva-
lence (1993-2001).
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With a lag period of 20 to 30 years, patterns of lung cancer
incidence closely follow smoking prevalence. Although lung cancer
incidence currently is more common in the developed world, this
pattern is expected to change in the next two decades. A dramatic
rise in the incidence of lung cancer in China has been predicted,
where smoking rates have markedly increased.19 Estimates indicate
that by 2030, 70% of tobacco-related deaths will occur in develop-
ing countries.20

Despite therapeutic advances, little gain has been achieved in
overall lung cancer survival over the past 30 years, with approximately
15% 5-year survival rates for all stages combined.21 Thus, conven-
tional treatment remains an unsatisfactory means by which to de-
crease global lung cancer burden. Chemoprevention is theoretically
possible for primary lung cancer prevention, although clinical trials
have been disappointing to date.22 Results from ongoing clinical trials
to determine whether screening strategies will favorably impact lung
cancer survival are awaited.23

Currently the most effective and important approach to reduce
lung cancer burden worldwide is to reduce smoking rates through
behavioral interventions and public health policy. Smoking cessation
methods that are sensitive to country-specific needs and customs will

be important to ensure successful outcomes.20 To this end, in 2003 the
World Health Assembly adopted the World Health Organization
Framework Convention on Tobacco Control,24 the first international
treaty designed to enhance national and international coordination to
control the tobacco epidemic. Entering into force in February 2005,
the World Health Organization Framework Convention on Tobacco
Control incorporates a variety of measures to counter the tobacco
epidemic, including both concrete obligations or requirements and
recommendations.25 Requirements include restrictions on advertis-
ing, sponsorship, and promotion of tobacco products, and enforce-
ment of packaging and labeling specifications. Recommendations
include establishing clean indoor air controls and strengthening legis-
lation against tobacco smuggling.

Female Breast Cancer

With an estimated 1,152,161 new cases each year, female breast
cancer is the second most common cancer in the world and the most
common cancer among women, accounting for 411,093 cancer
deaths per year (Fig 2). Breast cancer incidence rates increased in all
regions of the world included in this study during the years 1973 and
1997 (Fig 4), with the highest rates in Surveillance, Epidemiology, and

Fig 2. Worldwide annual number of cancer cases and cancer deaths, incidence rates (IRs), mortality rates (MRs), and mortality-to-incidence rate ratios (MR:IR; adjacent
to bars) according to cancer site and sex (1993-2001). Reporting sources for IRs and MRs differ.
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End Results (whites) and the lowest rates in Japan (Osaka Prefec-
ture) and Costa Rica. Incidence rates were nearly three-fold higher
in more-developed than less-developed geographic locations (67.8
to 23.8 per 100,000 PY; Table 1), whereas mortality rates were less
than two-fold higher in more-developed than less-developed areas.
Consequently, MR:IRs varied widely, from a low of 0.19 in North
America to a high 0.69 in Africa.

Notwithstanding well-established reproductive risk factors
such as early menarche, low parity, late age at first pregnancy, late
menopause, and hormonal exposures,26 the greatest risk factor for
developing female breast cancer is aging.27 However, while inci-
dence rates for most epithelial cancers rise steadily with aging (Fig
5),6,7 rates for female breast cancer increase rapidly until approxi-
mately age 50 years then rise more slowly. The midlife inflection in

Fig 3. Age-standardized cancer incidence
rates among males in various geographical
areas according to specified cancer sites
(1973-1997). (A) Lung; (B) prostate; (C)
esophagus; (D) stomach; (E) colon; (F) liver.
SEER, Surveillance, Epidemiology, and End
Results database.
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age-specific rates is termed Clemmesen’s hook and has been attributed
to menopause.28-30

Following Clemmesen’s menopausal hook, breast cancer rate
patterns among older women vary worldwide (Fig 5), continuing to
rise more slowly in high-risk (or more-developed) areas and flattening
or falling in low-risk (or less-developed) regions. Divergent age-
specific rates after Clemmesen’s hook have been attributed by some
investigators to calendar-period and/or birth cohort artifacts,31,32

whereas others have speculated the superimposition (or mixture) of
two distinct rate patterns, corresponding to estrogen receptor (ER)

-positive and ER-negative breast cancers.33,34 Rates for ER-positive
tumors increase rapidly until age 50 years then rise more slowly,
similar to overall rates in high-risk countries. In contrast, rates for
ER-negative tumors rise rapidly until age 50 years then plateau, similar
to overall rates in low-risk countries.34-36

Accumulating molecular data also suggest the existence of two
main breast cancer types according to ER expression.37 Indeed, clini-
cians have long-suspected two types of breast cancer with age at onset
being the major determinant of breast cancer outcome38-41; one type
occurring in premenopausal women and characterized by aggressive

Fig 4. Age-standardized cancer incidence
rates among females in various geographic
areas according to specified cancer sites
(1973-1997). (A) Lung; (B) breast; (C) cervix;
(D) esophagus; (E) stomach; (F) colon; (G)
liver. SEER, Surveillance, Epidemiology, and
End Results database.
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Table 1. Worldwide Age-Standardized Incidence Mortality Rates, and Mortality-to-Incidence Ratios for Selected Cancer Sites According to Sex (1993-2001)

Cancer

Males Females

Incidence Mortality

MR:IR�

Incidence Mortality

MR:IR�No. Rate No. Rate No. Rate No. Rate

All sites, except skin
World 5,802,531 209.6 3,796,383 137.7 0.66 5,061,968 161.5 2,928,548 92.2 0.57

More developed 2,698,175 314.1 1,503,060 169.6 0.54 2,317,939 228.0 1,185,412 102.5 0.45
Less developed 3,092,817 158.7 2,284,779 119.3 0.75 2,736,696 128.8 1,738,455 83.1 0.65

Continent
North America 834,546 398.4 331,226 153.0 0.38 735,974 305.1 300,745 112.1 0.37
Oceania 56,119 349.7 24,812 149.1 0.43 47,606 280.3 19,611 103.4 0.37
Europe 1,499,642 290.7 958,248 180.8 0.62 1,321,129 209.7 743,224 103.6 0.49
Central/South America 365,497 198.9 221,243 122.6 0.62 401,078 182.2 215,395 99.2 0.54
Asia 2,697,813 167.0 1,983,473 124.3 0.74 2,181,139 126.1 1,372,455 79.9 0.63
Africa 311,363 126.0 251,099 104.1 0.83 338,397 121.0 255,013 92.6 0.77

Lung cancer
World 965,446 35.5 848,321 31.2 0.88 386,875 12.1 330,753 10.3 0.85

More developed 481,950 54.9 423,507 47.6 0.87 194,731 17.0 161,472 13.6 0.80
Less developed 481,222 25.9 422,860 22.9 0.88 191,164 9.4 168,453 8.3 0.88

Continent
North America 131,481 61.2 105,718 48.7 0.80 94,160 35.6 72,631 26.7 0.75
Oceania 6,539 39.1 5,848 34.7 0.89 3,285 17.4 2,820 14.6 0.84
Europe 296,364 56.8 270,832 51.1 0.90 78,396 11.3 70,765 9.8 0.87
Central/South America 38,587 21.8 35,615 20.3 0.93 15,646 7.3 15,291 7.2 0.99
Asia 472,791 30.1 411,414 26.3 0.87 188,559 11.0 162,648 9.5 0.86
Africa 14,752 7.0 14,172 6.7 0.96 4,776 2.0 4,559 1.9 0.95

Female breast cancer
World — — — — — 1,152,161 37.5 411,093 13.2 0.35

More developed — — — — — 636,128 67.8 189,765 18.1 0.27
Less developed — — — — — 514,946 23.8 221,028 10.4 0.44

Continent
North America — — — — — 229,631 99.4 48,239 19.2 0.19
Oceania — — — — — 13,507 84.6 3,338 19.4 0.23
Europe — — — — — 360,746 62.3 129,010 19.7 0.32
Central/South America — — — — — 90,147 41.0 30,361 14.0 0.34
Asia — — — — — 385,853 22.1 152,967 8.8 0.40
Africa — — — — — 65,197 23.4 44,399 16.2 0.69

Colorectal cancer
World 550,513 20.1 278,464 10.2 0.51 472,743 14.6 250,556 7.6 0.52

More developed 353,390 40.0 159,914 17.7 0.44 312,341 26.6 153,980 12.3 0.46
Less developed 196,093 10.2 118,042 6.2 0.61 159,730 7.7 96,222 4.7 0.61

Continent
North America 94,745 44.4 33,421 15.3 0.34 88,728 32.8 32,939 11.6 0.35
Oceania 7,897 48.2 3,247 19.4 0.40 7,002 36.9 2,786 14.1 0.38
Europe 192,982 36.1 102,228 18.7 0.52 178,724 24.2 101,067 12.8 0.53
Central/South America 25,837 14.3 13,072 7.3 0.51 27,995 13.0 14,457 6.7 0.52
Asia 213,456 13.3 113,204 7.1 0.53 156,240 9.1 87,541 5.1 0.56
Africa 12,778 5.4 11,525 4.8 0.89 10,903 4.2 9,738 3.7 0.88

Stomach cancer
World 603,003 22.0 445,691 16.3 0.74 330,290 10.3 254,112 7.9 0.77

More developed 195,782 22.3 128,721 14.5 0.65 115,372 10.0 83,515 6.9 0.69
Less developed 404,788 21.5 315,249 17.0 0.79 213,804 10.4 169,777 8.3 0.80

Continent
North America 15,742 7.4 9,096 4.2 0.57 9,158 3.4 6,205 2.2 0.65
Oceania 1,632 9.9 1,005 6.0 0.61 828 4.2 603 3.0 0.71
Europe 104,620 20.0 83,280 15.7 0.79 69,394 9.5 57,626 7.6 0.80
Central/South America 39,480 22.0 29,400 16.5 0.75 25,597 11.8 19,528 9.0 0.76
Asia 425,146 26.9 307,755 19.6 0.73 211,520 12.3 157,340 9.2 0.75
Africa 13,836 6.2 13,002 5.8 0.94 12,350 4.9 11,633 4.6 0.94

(continued on following page)
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and largely ER-negative features with a second type occurring in
postmenopausal women and associated with indolent and mostly
ER-positive features.

ER expression also varies by morphologic subtype of breast
cancer.42-45 For example, ER-negative tumors are most common in
medullary breast carcinomas.42 Notably, medullary carcinomas are
rare tumors that have been associated with germline mutations
in BRCA1,46-61 and are more common in low-risk, native

Japanese35,44,62-65 and African66 populations than in high-risk United
States populations. On the other hand, tubular and lobular carcino-
mas have been associated with ER-positive breast cancers, germline
mutations in BRCA2,46,54,57,60,61 and are more common in high-risk
populations such as the United States.44,67

A predominance of early-onset and aggressive ER-negative
breast cancers in low-risk countries may, in part, account for the high
MR:IR in less-developed regions such as Asia (0.40 per 100,000

Table 1. Worldwide Age-Standardized Incidence Mortality Rates, and Mortality-to-Incidence Ratios for Selected Cancer Sites According to Sex (1993-2001)
(continued)

Cancer

Males Females

Incidence Mortality

MR:IR�

Incidence Mortality

MR:IR�No. Rate No. Rate No. Rate No. Rate

Prostate cancer
World 679,060 25.3 221,036 8.2 0.32 — — — — —

More developed 513,464 56.2 130,382 13.5 0.24 — — — — —
Less developed 165,401 9.4 90,550 5.2 0.55 — — — — —

Continent
North America 257,943 119.9 36,447 15.8 0.13 — — — — —
Oceania 13,486 79.9 3,206 18.1 0.23 — — — — —
Europe 225,226 40.0 83,064 14.2 0.36 — — — — —
Central/South America 73,112 42.9 29,606 17.4 0.41 — — — — —
Asia 70,317 4.7 40,126 2.7 0.57 — — — — —
Africa 29,663 16.0 23,564 12.8 0.80 — — — — —

Liver cancer
World 442,149 15.7 416,926 14.9 0.95 184,092 5.8 181,486 5.7 0.98

More developed 74,253 8.5 71,153 8.0 0.94 36,151 3.0 38,083 3.0 1.00
Less developed 365,923 18.4 343,956 17.4 0.95 147,210 7.1 142,728 6.9 0.97

Continent
North America 11,058 5.3 9,229 4.4 0.83 5,152 1.9 5,319 1.9 1.00
Oceania 622 3.9 573 3.5 0.90 239 1.3 292 1.5 1.15
Europe 35,301 6.7 36,136 6.7 1.00 18,315 2.5 21,351 2.7 1.08
Central/South America 7,233 4.0 10,818 6.0 1.50 7,119 3.3 10,940 5.1 1.55
Asia 350,291 21.3 323,078 19.7 0.92 135,248 7.9 125,703 7.3 0.92
Africa 35,812 14.8 35,215 14.6 0.99 16,912 6.2 16,638 6.2 1.00

Cervical cancer
World — — — — — 493,100 16.2 273,449 9.0 0.56

More developed — — — — — 83,437 10.3 39,512 4.0 0.39
Less developed — — — — — 409,269 19.1 233,727 11.2 0.59

Continent
North America — — — — — 14,670 7.7 5,796 2.3 0.30
Oceania — — — — — 1,063 7.4 330 2.0 0.27
Europe — — — — — 59,931 11.9 29,812 5.0 0.42
Central/South America — — — — — 65,493 29.0 29,524 13.4 0.46
Asia — — — — — 265,744 15.4 142,679 8.4 0.55
Africa — — — — — 78,897 29.3 61,671 23.1 0.79

Esophageal cancer
World 315,376 11.5 261,149 9.6 0.83 146,726 4.7 124,728 3.9 0.83

More developed 57,889 6.8 50,295 5.8 0.85 15,986 1.3 14,827 1.2 0.92
Less developed 256,217 13.7 209,851 11.4 0.83 130,215 6.5 109,478 5.4 0.83

Continent
North America 12,111 5.8 10,778 5.1 0.88 3,625 1.3 3,330 1.2 0.92
Oceania 905 5.5 801 4.8 0.87 465 2.3 370 1.8 0.78
Europe 33,070 6.5 29,659 5.7 0.88 9,970 1.3 9,474 1.2 0.92
Central/South America 10,479 5.9 9,631 5.4 0.92 3,748 1.8 3,516 1.7 0.94
Asia 241,301 15.3 193,465 12.4 0.81 120,443 7.1 99,908 5.9 0.83
Africa 16,289 7.8 15,659 7.5 0.96 8,058 3.4 7,743 3.2 0.94

NOTE. All rates are age standardized to the world population and expressed per 100,000 person-years.
Abbreviations: MR:IR, mortality-to-incidence rate ratio.
�MR:IR may exceed 1.00 because of different reporting sources for incidence and mortality rates.
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person-years) and Africa (0.69 per 100,000 person-years; Table 1). In
contrast, a larger fraction of late-onset and indolent ER-positive tu-
mors in high-risk countries may explain the lower MR:IR in more-
developed areas such as North America (0.19). In fact, Lawson et al68

examined migration patterns according to ER expression between two
populations with similar genetic background (ie, Japanese women
from Hawaii and Japanese women from Sapporo, Japan.) Japanese
women in Hawaii had higher breast cancer incidence and relatively
more ER-positive tumors than native Japanese women, whereas na-
tive Japanese women had lower incidence but comparatively more
ER-negative tumors, consistent with the hypothesis that ER-positive
tumors are associated with geographic regions characterized by high
breast cancer incidence rates.

Geographic disparities in breast cancer incidence and mortal-
ity are also related to differences in screening, chemoprevention,
and treatment strategies in more-developed compared with less-
developed regions of the world. Estimates from randomized clini-
cal trials and population-based models from countries such as the
United States and United Kingdom suggest that early detection and
improved treatment might reduce breast cancer mortality rates by
25% to 30%.69,70 Of note, differential detection of ER-positive
tumors by screening mammography also accentuates disparities in
breast cancer patterns, by yielding a higher incidence of more
indolent tumors associated with more favorable survival.71-73

In sum, ER-negative and ER-positive breast cancers appear to be
distinct breast cancer types with unique incidence and prognostic

Fig 5. Age-specific cancer incidence rates in more-developed and less-developed countries according to specified cancer sites and sex, 1993-2001. (A) Lung;
(B) prostate; (C) female breast; (D) cervix; (E) esophagus; (F) stomach; (G) colon; (H) liver. Incidence rates are age standardized to the world population.
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patterns, molecular signatures, and morphologic features. With breast
cancer screening detection rates, chemoprevention,74 and treatment
strategies75 also varying by ER expression, a stratified breast cancer
model may be an important conceptual framework to consider for
reducing global breast cancer disparities.

Colorectal Cancer

Colorectal cancer (CRC) is the third most common cancer
worldwide after lung and breast cancers, accounting for an estimated
1,023,256 new cancer cases and 529,020 cancer deaths per year (Fig 2).
Between 1973 and 1997, colon cancer incidence rates increased in
most parts of the world included in this study (Figs 3 and 4), except in
the United States where incidence rates peaked in the mid-1980s and
then began to decline.76

Among both men and women, incidence rates were nearly four-
fold higher in more-developed compared with less-developed regions
of the world (Table 1), whereas mortality rates were only two-and-a-
half-fold higher. Across continents, MR:IRs were lowest in North
America and highest in Africa, ranging from 0.34 in men in North
America to 0.89 in men in Africa.

Colorectal carcinogenesis is a prototypical long-term multistep
process with each step corresponding to key etiologic events.6,7,14,77

Over a lifetime of accumulated carcinogenic events there is pathologic
evolution from premalignant adenoma to invasive CRC. The
adenoma-to-carcinoma (ACS) sequence results in a linear age-specific
incidence rate pattern when rates are plotted on a log-log scale (Fig 5).

The complete ACS can take from 10 to 15 years or more.78

During this time period, environmental exposures presumably pro-
mote the carcinogenic process, the latter also affected by individual
genetic susceptibility. However, the dominant role of environmental
risk factors in the ACS has been demonstrated in migrant studies,
where CRC risk increases several fold among first generation immi-
grants emigrating from a country at low risk for developing CRC to
one at high risk.79,80 Consequently, there is a strong ecologic correla-
tion between increased CRC incidence and dietary factors such as low
fiber intake.81 Some case-control and cohort studies have found mod-
est associations (relative risks, � 2) between increased CRC risk and
low intake of fiber and vegetables82,83 and folate,84 as well as high
consumption of meat.85,86 However, these relationships have been
inconsistent across studies, and clinical trials thus far have failed to
show a benefit for either dietary or supplemental fiber intake in reduc-
ing colorectal adenomas.87 Closely related to dietary intake, excess
body weight,88,89 and physical inactivity90,91 have also been linked with
increased risk of CRC.

The decline in CRC rates during the 1980s and 1990s in the
United States has been attributed to increasing CRC screening and
therapeutic interventions, following President Ronald Reagan’s diag-
nosis of CRC in 1985.92 For all average risk individuals aged 50 years or
older, the American Cancer Society currently recommends one of
four routine CRC screening options: fecal occult blood testing
(FOBT) every year; flexible sigmoidoscopy (FS) every 5 years;
double contrast barium enema every five years; or colonoscopy
every 10 years.93

The ultimate goal of CRC screening is to interrupt the ACS, and
attempt to reduce CRC incidence and mortality. Annual home-based
FOBT reduces CRC incidence by 20% and mortality by 16%.94 FS
directly visualizes the rectum and distal colon, but does not reach the
proximal colon. Combined FOBT and FS are probably more effective

than either test alone. In addition, colonoscopy performed in
follow-up for abnormal FS yields a 40% to 80% reduction in CRC
incidence.95-99 Colonoscopy is the current gold standard for colorectal
cancer screening and the preferred diagnostic test to pursue an abnor-
mal CRC screening test. Despite widespread acceptance in the United
States, CRC screening practices vary worldwide.100

Though not yet a clinical reality, chemopreventive agents
targeting critical CRC pathways have successfully interrupted the
ACS. Indeed, more than 40 candidate agents (nonsteroidal anti-
inflammatory drugs, selenium, hormone replacement therapy, and
calcium carbonate) show promise for CRC prevention.101 However,
given that chemopreventive agents are administered to ostensibly
healthy individuals, the ultimate effectiveness of any agent will depend
on establishing a favorable risk-to-benefit ratio. With the narrow
therapeutic index for most chemopreventive agents, alone or in com-
bination, the most effective strategies for reducing the worldwide CRC
burden currently include primary prevention through modifiable risk
factors and secondary prevention through screening.

Stomach Cancer

Stomach cancer is the fourth most common cancer worldwide,
with 603,003 new cases among men and 330,290 new cases among
women (Fig 2). Across continents, incidence rates vary from 3.4 per
100,000 PY among females in North America to 26.9 per 100,000 PY
among males in Asia, whereas MR:IRs are consistently high in all parts
of the world (Table 1). Overall 5-year relative survival rates approxi-
mate 20%21,102,103 in most areas of the world, except in Japan where
mass screening programs, staging systems, and treatment may con-
tribute to superior 5-year survival rates of approximately 60%.5,104,105

Stomach cancers are anatomically classified as noncardia and
cardia cancers. Because noncardia cancers constitute the majority of
stomach cancer cases worldwide, overall stomach cancer incidence
rates are predominated by this disease entity. Risk factors for non-
cardia cancers include H pylori infection,106 low socioeconomic
status,107,108 smoking,109 intake of salty and smoked food,110,111 and
low consumption of fruits and vegetables.112 In the past century, the
incidence of noncardia stomach cancer has declined several fold in
more-developed regions of the world.113 This decrease likely reflects
a diminishing prevalence of H pylori infection due to improved sani-
tation, increasing availability of fresh fruits and vegetables, and de-
creasing use of salt- and smoke-based food preservation methods.
However, noncardia stomach cancer remains common in many geo-
graphic regions, including China, Japan, Eastern Europe, and Central/
South America.113

In contrast to noncardia cancers, incidence rates of gastric
cardia cancers have either increased or remained constant in West-
ern countries.114-116 Risk factors for cardia cancer include male
sex,117 white race,117 smoking,118,119 obesity,118,119 and gastro-
esophageal reflux.120 The association between H pylori and cardia
cancer is unclear.121

Major prevention strategies to reduce stomach cancer incidence
include improved sanitation, higher intake of fresh fruits and vegeta-
bles, food preservation methods that are not salt- or smoke-based,
avoidance of tobacco products, and maintenance of a normal body
weight. To date there is insufficient clinical evidence to recommend
endoscopic screening worldwide.
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Prostate Cancer

Prostate cancer is the fifth most common cancer in the world and
the second most common cancer among men (Fig 2). During the
years 1973 to 1997, prostate cancer incidence rates increased in all
parts of the world (Fig 3). Annual incidence rates were nearly six-fold
higher in more-developed compared with less-developed regions (Ta-
ble 1), ranging from 4.7 per 100,000 PY in Asia to 119.9 per 100,000 PY
in North America. However, mortality rates were only 2.5 times higher
in more-developed compared with less-developed parts of the world,
and consequently MR:IRs ranged from 0.13 in North America to 0.80
in Africa. Age-specific incidence rates rose steadily with advancing age
worldwide (Fig 5).

Diet has been implicated in the etiology of prostate cancer, but
definitive etiologic evidence is lacking. High intake of animal fat,122

meat,122 and calcium123 has been associated with an increased risk of
prostate cancer, whereas high intake of vegetables,123 selenium,124,125

vitamin D,126 vitamin E,127,128 lycopene,129 and omega-3 fatty acids130

has been associated with reduced risk for prostate cancer. Obesity has
been linked with increased risk of prostate cancer death.131

Differences in worldwide prostate cancer incidence rates may in
part be due to variations in diet, but are also likely influenced by more
vigorous screening with prostate-specific antigen testing in more-
developed countries. Autopsy series have shown prostate cancer prev-
alence of approximately 80% in men who died in their 70s from other
causes.132,133 Therefore, prostate-specific antigen testing likely results
in the detection of some biologically indolent prostate cancers. It is
unclear whether superior survival in more-developed countries stems
from earlier detection and improved treatment or reflects detection of
biologically indolent disease. The United States Preventive Services
Task Force finds insufficient evidence for prostate cancer screening.134

However, additional evidence regarding screening recommendations
is anticipated based on results from large randomized screening stud-
ies in both Europe and the United States.135,136

Based on current knowledge of risk factors, it is possible
that a diet rich in intake of vegetables and low in meat and
animal fat may reduce prostate cancer risk. Final disposition
regarding the benefit of selenium and vitamin supplementation
is pending completion of ongoing clinical trials, including Na-
tional Cancer Institute–sponsored Selenium and Vitamin E
Cancer Prevention Trial (SELECT).137

Liver Cancer

With 626,241 new cancer cases per year, liver cancer is the sixth
most common cancer in the world. It is approximately 2.5 times more
common among men than women (Fig 2). Between 1973 and 1997,
incidence rates increased in all parts of the world included in this
study, except Singapore (Figs 3 and 4). For both men and women, liver
cancer incidence rates were higher in less-developed than more-
developed regions (Table 1; Fig 5). Indeed, incidence rates ranged
from 1.3 per 100,000 PY among females in Oceania to 21.3 per 100,000
PY among males in Asia. Survival is universally poor as reflected by
MR:IRs approximating unity (Table 1).

The most important risk factors for liver cancer are hepatitis B
virus (HBV),138 hepatitis C virus (HCV),139 and dietary aflatoxins.140

Other well-established risk factors include alcoholic liver disease141

and hemochromatosis.142 Obesity,143 diabetes,144 steatosis,144 smok-
ing,145 oral contraceptive use,146 and inadequate intake of selenium147

and antioxidants148 also have been implicated as risk factors. High

incidence rates and young age of onset in sub-Saharan Africa and
eastern and southeastern Asia are primarily a result of HBV infection
acquired at birth or during childhood and are also a result of high
consumption of aflatoxins.140 Doubling of liver cancer incidence rates
in the United States and other developed countries over the past 30
years (Fig 5) is in part attributed to chronic HCV infection that
occurred in the 1960s and 1970s.149,150

Large-scale immunization against HBV at birth is the most im-
portant step to prevent liver cancer worldwide. In 1992, the World
Health Organization recommended that hepatitis B vaccine be inte-
grated into the immunization program of all countries by 1997, and
currently over 135 countries have done so.151 Decreasing aflatoxin
exposure will likely reduce the incidence of liver cancer and has already
contributed to the decrease in incidence in Singapore (Figs 3 and 4)
and Shanghai, China over the past two decades.88 Screening blood
products for HBV and HCV, moderating alcohol consumption, and
maintaining normal body weight are also important measures to
reduce liver cancer incidence rates.

Cervical Cancer

With 493,100 new cases per year, cervical cancer in the seventh
most common cancer in the world, and the second most common
cancer among women (Fig 2). During the years 1973 and 1997, cervi-
cal cancer rates decreased in most parts of the world included in this
study (Fig 4). Incidence rates are almost two-fold higher in less-
developed compared with more-developed countries, 19.1 and 10.3
per 100,000 PY, respectively (Table 1). Incidence was highest in Africa
and Central/South America (approximately 29 per 100,000 PY) and
lowest in Oceania and North America (approximately 7.5 per 100,000
PY; Table 1). Mortality rates vary more than 10-fold across continents
and therefore MR:IRs range from 0.27 in Oceania to 0.79 in Africa
(Table 1).

Almost all cervical cancer cases are caused by one of 15 types of
oncogenic human papillomavirus (HPV), with HPV types 16 and 18,
accounting for the majority of cervical cancer cases.152-154 Other sug-
gested etiologic cofactors include low socioeconomic status,155,156

smoking,157,158 low intake of vitamins and micronutrients,159,160 mul-
tiple sexual partners, promiscuous sexual partner,152 sexual relations
at a young age,152 and oral contraceptive use.157,158 The presence of
HPV infection is a sine qua non in cervical carcinogenesis, and most
other factors mediate their effect via exposure to HPV or by affecting
susceptibility to the carcinogenic effects of HPV.

Low incidence and mortality rates of cervical cancer in more-
developed countries have been attributed to extensive cancer screen-
ing practices. Age-specific incidence rates (Fig 5) reveal unique
patterns: in more-developed countries rates are high in younger indi-
viduals but plateau after the age 40; in less-developed countries, rates
are low at young ages but subsequently increase and, after age 40 years,
exceed those in more-developed countries. The pattern in more-
developed countries may in part be attributed to screening practices.

The conventional method of cervical cancer screening with Pa-
panicolau smears involves sequential testing and is difficult to ubiqui-
tously implement in developing countries due to requirement for
compliance with repeated testing, expertise in specimen preparation
and diagnostic interpretation, and cost. However, new studies using
computer-based models have suggested that HPV DNA testing once
(at age 35) or twice (at ages 35 and 40) can be used as a cost-effective
method to reduce cervical cancer rates in developing countries.161,162
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Creation of papillomavirus-like particles in the laboratory in the early
1990s163 made it possible to make and test anti-HPV vaccines, which
have already shown nearly 100% efficacy in reducing HPV infection
and cancer rates.164,165 In the near future, widespread vaccination
against oncogenic types of HPV may significantly reduce the global
burden of cervical cancer.161

Esophageal Cancer

Esophageal cancer is the eighth most common cancer in the
world (Fig 2). Overall incidence rates are two-fold higher in less-
developed compared with more-developed geographic regions, with
the highest rates occurring in Asia (Table 1). Incidence and mortality
rates are two- to three-fold higher in males than females. Survival is
universally poor as reflected in high MR:IR worldwide (Table 1).
Incidence rates rise steadily with advancing age in more-developed
and less-developed areas, and incidence patterns are similar between
both sexes (Fig 5). However, between 1973 and 1997, regional tempo-
ral trends varied, likely reflecting differences in underlying histologic
subtypes. Squamous cell carcinoma of the esophagus (ESCC) com-
prises the majority of cases worldwide followed by adenocarcinoma of
the esophagus (EAC).166 Whereas ESCC incidence has decreased over
the past three decades in more-developed countries where annual
incidence rates are generally less than 10 per 100,000 PY,116 incidence
has remained high in some less-developed countries, where incidence
rates can exceed 100 per 100,000 PY, particularly in high-risk areas of
China,167 Iran,168,169 and South Africa.170

Smoking and alcohol consumption are strong risk factors for
ESCC, especially in Western countries.171-173 In the United States,
where ESCC is more common among Blacks,116 more than 90% of
cases are attributed to smoking and alcohol consumption.171,172 In
contrast, few cases in high-risk areas of less-developed coun-
tries168,174 are attributed to smoking and alcohol consumption,
and purported risk factors include low consumption of fruits and
vegetables,175,176 selenium177 and zinc deficiencies,178 vitamin E
deficiency,179 high exposure to polycyclic aromatic hydrocar-
bons,180 and poor oral hygiene.181,182

In contrast to ESCC, EAC predominantly occurs in more-
developed countries, with the rate of rise in incidence exceeding the
rate of decline of ESCC in several Western countries, in both males
and females.116,183 A rare entity 30 years ago, EAC now constitutes
approximately half of all esophageal cancer cases in Western coun-

tries,116,117,184,185 reflecting the increasing prevalence of implicated
risk factors, gastroesophageal reflux,120 smoking,186 and obesity.187

Eliminating risk factors that account for a majority of esophageal
cancers,118 including tobacco use, alcohol intake, low fruit and vege-
table consumption, obesity, and gastroesophageal reflux, may result in
lowering incidence rates. Developing a greater understanding of the
etiology of ESCC in less-developed countries, in particular, is needed.
Detection, continued surveillance and/or treatment of precursor
lesions, such as squamous dysplasia in ESCC and Barrett’s esoph-
agus in EAC may decrease cancer burden, although surveillance
and treatment measures are expensive and treatment is associated
with morbidity and mortality. Chemopreventive agents need ad-
ditional study but have shown promise for prevention of both
ESCC188-190 and EAC.191,192

CONCLUSION

Given our current state of knowledge, a variety of approaches can be
used to reduce cancer disparities between countries, including pri-
mary and secondary prevention methods. Several effective primary
prevention measures are possible due to identification of etiologic
agents, including avoidance of tobacco for lung cancer prevention;
eradication of H pylori for stomach cancer prevention; vaccination
against HPV for cervical cancer prevention; and vaccination against
HBV for liver cancer prevention. Indeed, an estimated 35% of overall
cancer mortality has been attributed to only nine modifiable risk
factors.193 Identification of premalignant or precursor lesions through
secondary prevention efforts with screening and early detection strat-
egies has been possible, including mammography for breast cancer
detection; FOBT, colonoscopy, and other tests for colorectal cancer
detection; and prostate-specific antigen testing for prostate cancer
detection. Notably not all screening tests have gained universal accep-
tance and more definitive information regarding effectiveness of test-
ing is awaited from ongoing clinical trials. Although successful cancer
therapies have been identified over the past 30 years, treatments are
often toxic, expensive, and require highly trained staff and specialized
facilities. Consequently, the most feasible methods to reduce global
cancer disparities are to target etiologic factors and high-risk behaviors
and to develop strategies for prevention.
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